In general, double-stranded RNA (dsRNA)-binding proteins (dsRBPs) are not sequence-specific. A dsRNA molecule in a cell will interact with any dsRBP it comes in contact with, suggesting that different dsRNA-mediated pathways intersect and affect each other. This paper analyzes evidence that the ADAR RNA editing enzymes, which act on dsRNA, affect dsRNA-mediated gene silencing pathways. Examples of how ADARs alter gene silencing pathways such as RNA interference, as well as mechanisms that allow the pathways to coexist and maintain their unique functions, are discussed.
Most of the functional groups in a double helix that allow a protein to recognize a specific base pair are in the major groove (Seeman et al. 1976) , and there are many examples of proteins that enter the major groove of Bform DNA to make sequence-specific interactions (see, e.g., Wolberger 1999) . However, double-stranded RNA (dsRNA) adopts an A-form helical structure with a major groove that is more narrow than that of DNA. It is difficult for a protein to enter the major groove of dsRNA to make sequence-specific contacts, and in fact, all characterized dsRNA-binding proteins (dsRBPs) bind to dsRNA of any sequence. Consistent with this, structural analyses of protein-dsRNA complexes show interactions that are predominantly in the minor groove, with major groove interactions limited to those on the exterior, involving the phosphodiester backbone (Ryter and Schultz 1998; Ramos et al. 2000; Wu et al. 2004) .
Because dsRBPs are not sequence-specific, a dsRNA molecule in a cell will bind to any dsRBP it comes in contact with, and consequently, different dsRNA-mediated pathways affect each other. Researchers involved in early studies of RNA interference (RNAi) encountered this principle when they applied the RNAi protocols that worked well in flies and worms to mammalian cells (Elbashir et al. 2001) . dsRNA introduced into mammalian cells encounters not only dsRBPs involved in RNAi, but also a dsRBP called PKR (Williams 2001) . Upon binding to dsRNA, PKR becomes an active kinase and phosphorylates the translation initiation factor eIF2α, leading to a global shutdown of protein synthesis (Hunter et al. 1975) . Introducing long dsRNA into a mammalian cell reduces expression of all mRNAs, not just the one targeted by RNAi.
Viruses capitalize on the fact that dsRBPs are not sequence-specific by synthesizing their own dsRBPs to antagonize cellular dsRNA-mediated pathways. For example, viral infection is sometimes accompanied by production of dsRNA from the viral genome (Boone et al. 1979; Maran and Mathews 1988) , and to avoid the activation of PKR, viruses such as vaccinia and reovirus encode a dsRBP to compete with PKR for dsRNA (for review, see Stark et al. 1998) . Not surprisingly, virus-encoded dsRBPs and RNAs are also reported to antagonize the RNAi pathway (Li et al. 2004; Andersson et al. 2005) .
The realization that dsRNA-mediated gene silencing is central to many biological processes invites the question as to how cellular dsRBPs affect this pathway. Studies are only beginning, but it seems possible that there is a finely tuned interplay between pathways involving dsRNA. This paper analyzes evidence that the dsRBPs known as adenosine deaminases that act on RNA (ADARs) affect dsRNA-mediated gene silencing.
ADAR BASICS
ADARs are RNA editing enzymes that convert adenosine (A) to inosine (I) in dsRNA (for review, see Bass 2002; Keegan et al. 2004; Valente and Nishikura 2005) . The enzymes are found in all animals, where they are usually in the nucleus, and are most highly expressed in the nervous system. The A to I conversion involves a hydrolytic deamination, and, depending on the extent of base-pairing in an RNA substrate, the enzyme can selectively deaminate a specific adenosine, or nonselectively deaminate up to 50-60% of the adenosines within a double-stranded region. These two modes of selectivity can be observed in vitro with synthetic RNA, or in vivo, in the endogenous targets of ADARs (for review, see Bass 2002) .
Selective deamination occurs in RNA that, although largely double-stranded, is frequently interrupted by mismatches, bulges, or loops. It is this "imperfect" helical structure that is associated with editing in codons, and, as shown in Figure 1A , often forms by pairing between introns and exons. Inosine prefers to pair with cytidine, and thus, an A to I conversion can change the amino acid specified by a codon. Editing in codons results in the synthesis of multiple protein isoforms from a single encoded mRNA and serves as a mechanism of diversifying and increasing an organism's proteome. Deamination of codons typically involves the selective type of editing, which is not surprising, since nonselective editing would result in many amino acid changes and likely produce a nonfunctional protein.
The R/G hairpin that is edited at a specific adenosine in certain mammalian glutamate receptor pre-mRNAs is used to represent the selectively edited structure in Figure  1A (upper structure; R/G indicates that editing at the labeled A changes an arginine codon to a glycine codon). This structure is short, with a predicted free energy of -35 kcal/mole (mfold at 37°C; Mathews et al. 1999; Zuker 2003) . Although selective editing usually occurs in structures that are less stable than those promoting nonselective editing, this is not always the case, as exemplified by editing of the antigenomic RNA of hepatitis delta virus (HDV; for review, see Casey 2006) . The ~1700-nucleotide HDV RNA folds into a "rod-like" helical structure with a predicted free energy of -930 kcal/mol (mfold at 37°C). Despite its length and stability, the HDV RNA is edited at a specific adenosine to change an amber stop codon to a tryptophan codon (Polson et al. 1996 (Polson et al. , 1998 . Importantly, although the HDV antigenomic RNA is highly base-paired, it is rare to find a complete helical turn within its structure that does not contain a mismatch, bulge, or loop. As discussed in the next section, this is key to its selective deamination.
Nonselective deamination occurs in RNA that is completely, or nearly completely, base-paired and often involves long helices containing hundreds of base pairs. In Figure 1A (lower hairpin), this type of structure is represented by a Caenorhabditis elegans 3′UTR which involves 1423 nucleotides that fold into a structure with a predicted free energy of -1201 kcal/mole (mfold at 20°C). This structure is heavily edited, with 42% of its 467 adenosines appearing as inosines in at least a fraction of the steady-state mRNA isolated from wild-type worms, and ~18% showing editing at all of these sites (Morse et al. 2002) . As illustrated, although the nonselectively edited structures do contain mismatches, bulges, and loops, such disruptions are less frequent, and there are typically long stretches of uninterrupted, contiguous base pairs. In vivo, these types of substrates are usually found in noncoding regions of mRNAs, such as introns and untranslated regions, and are often formed by pairing between repeat elements (Morse and Bass 1999; Morse et al. 2002) . Recent bioinformatic studies indicate that these types of substrates are remarkably abundant, occurring in an estimated 5% of the mRNAs encoded by our genomes (Athanasiadis et al. 2004; Kim et al. 2004; Levanon et al. 2004) . As yet, the function of these structures, and the inosines within them, is unknown.
A MODEL FOR ADAR SELECTIVITY
The principles that control ADAR selectivity have been summarized previously (Bass 2002) and are briefly reviewed here using Figure 1B . As discussed above, a completely, or largely, base-paired duplex, greater thañ 50 bp, is deaminated nonselectively, showing 50-60% of its adenosines deaminated at reaction completion. However, the reaction does stop, and the model is based on this observation. When AU base pairs are changed to The selectively edited hairpin involves pairing between exon and intron sequences and is patterned after the R/G editing site, shown as a white A, found in certain mammalian glutamate receptor pre-mRNAs; the hairpin contains 28 bps, a loop, and mismatches as indicated (Aruscavage and Bass 2000) . The nonselectively edited structure is patterned after the 3′UTR of the C. elegans gene, C35E7.6 (Morse et al. 2002) . The edited structures are scaled relative to their actual lengths (20 nucleotides indicated), but 520 nucleotides of each strand of the 3′UTR structure were omitted as indicated. (B) The cartoon illustrates that the number of adenosines deaminated by an ADAR at reaction completion, or the selectivity of the enzyme, increases with the thermodynamic stability of the RNA structure. The top structure represents a long, completely base-paired dsRNA ≥ 50 bp which is deaminated nonselectively, showing 50-60% of its adenosines converted to inosines (red diamonds) at reaction completion. As indicated, structures that are less stable because they are shorter, or interrupted by mismatches, bulges, or loops, contain fewer inosines at the end of the reaction. Blue lines represent a specific sequence that exists as a separate molecule or between two internal loops of a longer structure.
of C. elegans (Kelly et al. 1997 ; for review, see Seydoux and Schedl 2001) , the cosuppression observed in ADAR mutant animals is distinct because it is observed with transgenes expressed in the soma.
What is the mechanism of the somatic cosuppression observed in the ADAR mutants? In this regard, as shown in Figure 2 , it is important to note that DNA introduced into C. elegans is covalently linked to form repetitive arrays, with genes in tandem, as well as inverted, orientation. Although in most cases transcription terminates normally, in the illustrated example giving rise to GFP mRNA, in some cases readthrough transcription of genes in an inverted orientation gives rise to dsRNA. Analysis of the wild-type animal illustrated in Figure 2 confirmed that both sense and antisense RNA were synthesized from the transgene. Because it prefers to pair with cytidine, inosine appears as guanosine in cDNA, and cDNA derived from the transgenic RNA showed the typical A to G changes indicative of editing (Knight and Bass 2002) . Consistent with the fact that the sense and antisense RNAs would be completely base-paired, the RNA was nonselectively edited and contained many inosines. In contrast, but in line with the observed silencing, neither sense nor antisense RNA corresponding to the transgene sequence was detected in the ADAR mutant.
There are two obvious mechanisms by which ADARs could prevent an RNA from entering the RNAi pathway, and both may contribute to the observed silencing. First, a simple competition between ADARs and dsRBPs of the RNAi pathway might exist. Dicer and Drosha are both dsRBPs and contain the dsRNA-binding motif found in many dsRBPs (for review, see Doyle and Jantsch 2002) . Furthermore, in many organisms, additional dsRBPs have been identified that facilitate the action of these enzymes (Tabara et al. 2002; Gregory et al. 2004; Han et al. 2004 Han et al. , 2006 Haase et al. 2005; Liu et al. 2006) . In this scenario, ADARs would antagonize the RNAi pathway simply by binding dsRNA and sequestering it so that it is unavailable to dsRBPs involved in gene silencing. Of course, such a competition could occur between any dsRBP, not just ADARs, and indeed, there IU mismatches, the RNA structure becomes less stable, and the idea is that the reaction stops when there are so many IU mismatches that the RNA is too singlestranded in character to be acted on by an ADAR. Assuming there is some critical thermodynamic stability after which no further reaction can occur, it is easy to see that structures which are less stable to begin with will accommodate fewer deaminations before the reaction stops. Decreasing the length of an RNA helix, or disrupting it with mismatches, bulges, or loops, will decrease the number of deamination sites at reaction completion. At the extreme, internal loops can uncouple a long helix into a series of short helices that are each deaminated selectively (Lehmann and Bass 1999) . In fact, as shown in Figure 1B , a short helix bounded by two internal loops will be deaminated at the same sites targeted when the helix exists as a separate molecule. The ability of loops to uncouple helices explains how a very long helix such as the HDV antigenomic RNA can be selectively deaminated.
DO ADARS AFFECT RNA INTERFERENCE?
Given that dsRBPs are not sequence-specific, it was proposed that ADARs might antagonize RNAi (Bass 2000) , and support for this idea came from the observation that mutant C. elegans strains that lack ADARs exhibit aberrant gene silencing (Knight and Bass 2002) . The mutant animals respond as expected when dsRNA is introduced by injection or feeding; that is, expression of the cognate mRNA is silenced at levels indistinguishable from wild type. Possibly this dsRNA never reaches the nucleus where ADARs usually reside. However, as illustrated in Figure 2 , transgenic DNA, which is transcribed in the nucleus and normally expressed in a wild-type animal, is silenced in animals lacking ADARs. The silencing is dependent on factors important for the RNAi pathway, such as Dicer (Knight and Bass 2001) , and is reminiscent of the cosuppression first observed in plants (for review, see Matzke and Matzke 2004) . Although cosuppression of transgenic DNA is frequently observed in the germ line Figure 2 . The cartoon illustrates the proposed pathway leading to transgene silencing in C. elegans strains that lack ADARs (adr(-/-)). Starting at the upper left corner, DNA encoding GFP (green rectangle) is injected into a worm, whereby it is covalently linked to form repetitive arrays that are maintained as extrachromosomal elements. In wild-type animals, GFP mRNA is expressed, as evidenced by strong GFP fluorescence (bottom left corner). Black arrows indicate the direction of transcription, and as shown, readthrough transcription of the repetitive array also gives rise to sense and antisense RNAs that hybridize to form dsRNA. In a wild-type animal, this dsRNA is deaminated by ADARs and thus does not lead to silencing. In animals lacking ADARs (adr(-/-)), the dsRNA enters the RNAi pathway, leading to silencing. Photographs of worms were taken by Jeff Habig, and strains are as described (Knight and Bass 2002) . may be a fine balance between the concentration of dsRNA and various dsRBPs.
Alternatively, the silencing phenotype of ADAR mutants may relate to the lack of editing, rather than, or in addition to, dsRNA binding. As shown in Figure 2 , and discussed earlier, when ADARs edit dsRNA, AU base pairs are changed to IU mismatches, and the RNA becomes less double-stranded. Although it has not yet been demonstrated directly, by definition one would predict a dsRBP would bind less well to RNA after it has been modified by ADARs. According to this scenario, if ADARs deaminate a dsRNA before it enters the RNAi pathway, dsRBPs such as Dicer cannot bind the RNA and gene silencing cannot occur. Studies of RNA interference in vitro, using Drosophila extracts, support this idea. For example, if dsRNA is reacted with an ADAR before adding it to a Drosophila extract, it is less effective at triggering an RNAi response (Scadden and Smith 2001) ; production of siRNAs is reduced, and consequently, mRNA degradation is also reduced. When the dsRNA is highly edited (~50%), siRNAs are completely absent, but at intermediate amounts of editing, siRNAs are present. These authors, and others (Zamore et al. 2000) , isolated siRNAs produced from edited dsRNA and found that inosine is present in the siRNA, albeit at levels lower than in the starting material, i.e., the unreacted, edited dsRNA. The latter data indicate that at intermediate amounts of editing Dicer can cleave edited dsRNA, possibly in regions that have fewer deamination sites and thus retain their overall double-stranded character.
Of course, the most interesting question in regard to the silencing observed in ADAR mutant animals is whether ADARs are involved in regulating dsRNAmediated gene silencing of endogenous genes in vivo. So far, a specific example of this does not exist, which is not surprising, given that few genes that are natural targets of dsRNA-mediated gene silencing have been identified. Here, of course, I am not referring to genes whose expression is modulated by miRNA, of which there are many, but to systems more analogous to silencing that involves an antisense transcript, such as the Stellate genes in Drosophila melanogaster (Aravin et al. 2001 (Aravin et al. , 2004 , or cyclin E in C. elegans (Grishok and Sharp 2005) . However, in support of the idea that ADARs do modulate silencing of endogenous genes, the chemotaxis defects of C. elegans that lack ADARs are rescued in strains that also lack components of the RNAi pathway (Tonkin and Bass 2003) . Recent studies show that antisense transcription is abundant in mammalian genomes (Lehner et al. 2002; Yelin et al. 2003; Cawley et al. 2004; Chen et al. 2004 ; for review, see Chen et al. 2005) , and it is intriguing to imagine that ADARs play a role in attenuating silencing that might result from dsRNA formed with this antisense.
When considering how ADARs might regulate silencing, it is important to note that the enzymes are very sensitive to substrate inhibition (Hough and Bass 1994) . Thus, for a case where ADARs were allowing expression of a gene by deaminating its cognate dsRNA, simply increasing the levels of dsRNA would inhibit ADARs and allow silencing to take over. The inhibiting dsRNA could be generated in cis from the gene being silenced. Alternatively, since ADARs bind dsRNA of any sequence, a dsRNA synthesized in trans, at a different locus, could also inhibit ADARs and provide another way to regulate dsRNA-mediated silencing.
DO ADARS TARGET SIRNA AND MIRNA?
As mentioned above, long dsRNA that contains intermediate amounts of inosine is cleaved by Dicer to produce siRNAs that contain low amounts of inosine. However, because it is less stable than long dsRNA, very short dsRNA is a poor substrate for an ADAR (see prior discussion of selectivity). Thus, it seems probable that siRNA and miRNA duplexes are only rarely acted on directly by ADARs. However, it is intriguing to imagine scenarios by which ADARs might regulate the function of the slightly longer precursors of miRNAs. Again, regulation could occur because of a simple competition between ADARs and the dsRBPs required for the biogenesis and functions of small RNAs, or as a direct consequence of editing. In the latter case, an A to I change within the mature miRNA sequence would change its base-pairing properties and, thus, could actually change the mRNA that is targeted by the miRNA.
Although several studies provide "proof of principle" results, that is, they show that ADARs could in theory regulate the function of miRNAs, as yet, a definitive example of an ADAR regulating the function of an miRNA in vivo has not been found. However, it is increasingly clear that endogenous miRNA precursors are targeted by ADARs and contain inosine. Initial studies focused on specific pri-miRNAs, and although some of these were edited to a significant extent when incubated with ADARs in vitro (Yang et al. 2006) or in cells overexpressing ADARs (Luciano et al. 2004; Yang et al. 2006) , only very low levels of editing were detected within endogenous miRNA precursors. For example, in 3-7% of the pri-miR-22 molecules isolated from human brain, lung, and testes, and mouse brain, at least one of the adenosines in the miRNA was edited, and in some cases, the inosines were within the mature miRNA sequence (Luciano et al. 2004 ). However, when considering a given adenosine within the population of pri-miR-22 molecules, the amount of editing at any particular site was extremely low, and furthermore, the editing sites were not conserved between human and mouse. Similarly, low levels of editing were observed in pri-miR-142 in mouse spleen (Yang et al. 2006) .
Recently, a more systematic analysis of pri-miRNA sequences from a variety of human tissues was conducted. Six of 99 pri-miRNA sequences analyzed contained editing sites, and in contrast to the previous studies, for these 6 pri-miRNAs, specific adenosines were edited to significant levels (>10%) in a tissue-specific manner, in some cases approaching 100% editing at a single site (Blow et al. 2006) . Whereas the lower levels of editing observed in the earlier studies may well represent RNA that accidentally got caught up with ADAR, the higher levels of editing in this study are more suggestive of functional editing.
Given the diverse ways metazoa regulate biological processes, it seems likely that, because ADARs could regulate the function of small RNAs, they probably do, and eventually a bona fide example will be discovered. In this regard, the proof-of-principle experiments are interesting because they illustrate potential mechanisms.
One idea is that editing would interfere with pri-mRNA or pre-mRNA processing, by Drosha and Dicer, respectively. Consistent with this idea, mature miR-142 levels were elevated two-to threefold in the spleen of ADAR null mice (Yang et al. 2006 ). This same study showed that, in vitro, pri-miRNAs containing inosine were less efficiently processed to pre-miRNAs by recombinant Drosha. This may explain why, despite the large number of mature miRNAs sequenced, no one has yet reported editing in a processed, mature miRNA sequence. Another possibility is that editing of pri-and pre-miRNAs leads to their degradation, possibly by the staphyloccoccal nuclease, Tudor-SN, a component of RISC (Caudy et al. 2003) . Whereas some reports indicate that this enzyme is a non-sequencespecific nuclease that targets single-stranded RNA (Caudy et al. 2003) , others observe that the enzyme stimulates cleavage of dsRNA that has three or four contiguous IU (or UI) base pairs (Scadden 2005) . In fact, when HEK293 cells are transfected with a plasmid encoding pri-miR142, along with an inhibitor of Tudor-SN, an increase in edited pri-miRNA is observed (Yang et al. 2006) .
Finally, another study suggests that certain ADARs may antagonize RNAi by binding to siRNA in the cytoplasm (Yang et al. 2005) . Using recombinant mammalian ADARs, binding to siRNA in vitro was studied using gelshift analyses as well as filter-binding. The interferoninducible ADAR1p150, the only ADAR known to be present in the cytoplasm, had the highest affinity for siRNA, but ADAR1p110 and ADAR2 also bound tightly. Consistent with the idea that the ADAR1p150 antagonizes RNAi in vivo, the efficacy of RNAi in mouse embryonic fibroblasts null for ADAR1 was threefold higher than in wild-type cells or cells null for ADAR2.
YET, DSRNA-MEDIATED PATHWAYS COEXIST
Although this paper has focused on the antagonism between dsRNA-mediated pathways, it is important to note that these pathways have also evolved ways to minimize this interplay and protect their unique functions. Examples of this have been mentioned throughout this paper, and in closing, the topic will be specifically addressed.
As for all pathways in eukaryotes, one way to minimize antagonism between dsRNA-mediated pathways is to simply sequester the relevant enzymes into different cellular compartments. In the presence of interferon, a cytoplasmic form of an ADAR is induced (George and Samuel 1999) , but under normal conditions, these enzymes are sequestered in the nucleus, away from PKR and Dicer, which are largely cytoplasmic (JimenezGarcia et al. 1993; Billy et al. 2001) . As mentioned earlier, this differential compartmentalization explains why C. elegans that lack ADARs exhibit aberrant dsRNAmediated silencing only when dsRNA is synthesized in the nucleus. However, like ADARs, Drosha is in the nucleus (Lee et al. 2002) , where it processes primiRNAs to pre-miRNAs. As discussed above, some miRNA precursors contain inosines indicating that, albeit infrequently, these molecules do interact with ADARs. But why don't more miRNA precursors contain inosine? Why aren't ADAR substrates such as the mRNAs with long, structured UTRs cleaved by Drosha in the nucleus, or Dicer in the cytoplasm, where they must be translated? Or are they?
Definitive answers to these questions await future research. However, predictions can be made by considering that, although dsRBPs are not sequence-specific, they exhibit what is sometimes called a structural specificity. Structural specificity likely plays an important role in allowing dsRBPs to coexist and carry out their unique functions. As gleaned from the earlier discussion of ADAR selectivity, an understanding of dsRBP specificity is based in the obvious: dsRBPs are just that-doublestranded RNA-binding proteins. They prefer to bind dsRNA, and although they don't recognize sequence, they recognize any structural alteration to the A-form helix. The length of a helix, whether the terminus of the helix is blunt or frayed, and whether it contains mismatches, bulges, or loops, all affect how a dsRBP recognizes a substrate. We currently have only limited information linking these observations to the actual interactions that occur between a dsRBP and its substrate. It seems likely that in some cases the structural features of the RNA will affect the physical interactions it has with a dsRBP, but it is also important to consider that anything that makes an RNA substrate more single-stranded in character will shift the double-stranded single-stranded equilibrium toward the single-stranded state and affect binding.
An example of structural specificity is illustrated by returning to the discussion started at the beginning of this paper, where it was noted that long dsRNA introduced into mammalian cells not only triggers RNAi, but also activates PKR, a dsRBP that phosphorylates eIF2α to shut down all translation. A solution to the problem of how to apply RNAi techniques to mammalian cells without activating PKR came when it was determined that a specific response could be incurred using a very short RNA: the siRNA that is an intermediate of the RNAi process (Elbashir et al. 2001) . Presumably, specificity is achieved because PKR binds less well to short dsRNA than at least some proteins required for RNAi (Hunter et al. 1975; Minks et al. 1979; Manche et al. 1992 ). The C. elegans dsRBP, RDE-4, which acts with Dicer in dsRNA cleavage, is an RNAi factor that shows a preference for longer dsRNA (Parker et al. 2006) , and in this case, cooperativity is proposed to allow the protein to preferentially bind long dsRNA. Like PKR, ADARs do not act efficiently with very short dsRNA, consistent with the idea that mature siRNA and miRNA duplexes are not direct targets of ADARs. Thus, length appears to be one way dsRBPs gain specificity. miRNA precursors are slightly longer, and indeed, some of these molecules are edited by ADARs. However, many are not. Even under in vitro conditions optimized for the ADAR enzyme, only 4 of 8 pri-miRNAs tested → → showed inosine after incubation with recombinant ADAR (Yang et al. 2006 ). This may indicate that, in general, these hairpin structures have evolved so as to avoid deamination by ADARs. Figure 3 compares the predicted structures of 4 pri-mRNAs tested for their ability to be deaminated in vitro by recombinant ADAR (Yang et al. 2006) . Consistent with the model of ADAR selectivity presented earlier, the predicted structures of the unedited pri-miRNAs contain more unpaired nucleotides and are less stable than those that are edited.
Although studies of the specificity of dsRBPs involved in RNAi are just beginning, it is already apparent that these dsRBPs will follow similar principles. Dicer requires a helix with a blunt terminus (Zhang et al. 2002; Vermeulen et al. 2005) , whereas Drosha utilizes a frayed terminus (Han et al. 2006) . Given this, it is predicted that the long structured UTRs of ADAR substrates would not be substrates for Dicer, but could be cleaved by Drosha. Similar to the ADARs, Dicer's activity is influenced by the extent of base-pairing in an RNA: Completely basepaired dsRNA is cleaved at many sites, whereas premiRNAs are specifically cleaved to generate the functional, mature miRNA. As evidenced from the data reviewed in this paper, dsRNA-mediated pathways clearly affect each other, but we have a long way to go in order to understand the subtleties of this interplay. Extending our current knowledge of how dsRBPs achieve specificity to a more molecular level, as well as to newly discovered dsRBPs, will no doubt lead to a more complete understanding of how dsRNA-mediated pathways intersect, yet maintain their unique functions. The lowest free-energy secondary structure is shown for four miRNA precursors, as predicted by mfold (Mathews et al. 1999; Zuker 2003) . Nucleotides shown in red represent mature miRNA sequences as experimentally determined (Lagos-Quintana et al. 2002; Houbaviy et al. 2003; Poy et al. 2004 ). When incubated with recombinant ADAR, inosine can be detected within the two primiRNA sequences above the dotted line (edited), whereas inosine cannot be detected in those below the line (unedited; as reported in Yang et al. 2006) .
